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ACCELERATION OF 14C BEAMS IN ELECTROSTATIC ACCELERATORS

L. J. Rowton and J. R. Tesmer

Los Alamos Nationdl Laboratory
Los Alamos, New Mexico 87S+5

ABSTRACT

Operational problems in the production and acceleration of 14C beama for nuclear otructure
research i~ Los Alamoa National Laboratory’s tan de Gr8aff ~~celeratora are diacu~aed. Methods
for the control of contamination in ion sources, ●ccelerators and personnel are deacriDed. sput-
ter source target fabrication tec;:niquea &nd the relative beam production efficiencies of var~,ous
types of bound particulate carbon aputter source targets are presented,

1! INTRODUCTION

The accelerated 14c Deam has proven to be a
powerful research tool at Loa Alemoa National labor-
atory’s Van de Graaff facility. Two stage accelera-
tion of ~4C Began in February 1979 and three stage
acceleration in July 1980.

The safe production of a 14C beam ia made Posaibls
by the development of the aputter ion source. ~Twoof
these ion sources are used at the facility, One, a
General Ionex model 834 HICONiX sputter ion aource,2
is used on the vertical Van de Craaff; and the other,
a tliddlaton type sputter ion source built at the
University of Pennsylvania,3 ia used with the tandem
Van d? Graaff. Becauee of the problems preaented by
14c’o radioactivity, methods were explored for the
optimization o: beam production Ey using a minimum of
target material, The aputter target holders (cones)
of the ion aourcea were redesigned to ● reflection
type geometry. Examples of the cones are fihown in
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Figure 1. The cone on the left i6 used in the verti-
cal ion source. In this ion source the positive
ceaium beam ia steered off-axis through the hole in

Fig. 2 Ftaintenat.ce on tandem’s cputter
source

Fig, 1 Reflective geometry oputter
aou ce conee

Fig, 3 Maintenance on vertical’s sputter
0ourc8



the core. It is then electrostatically reflected
towards the backside of the cone where it is focused
onto the target pellet. The tandem sputter cone is
shown on the right in Figure 1. Tn this source the
cesium ionizer, cone, cesium reflector electrode, and
sputter target all lie on a common axia. 4

II. RADIOACTIVE MATERIAL HANDLINGAND
CONTAMINATIONCONTR~L

Prior to the firat uae of the 14C beam the pro-
blems of safe handling of 14C and control of coritam’-
rurtion were carefully studied. The principal hazard
from 14C is the Dt?ta radiation received from inhaled
or ingested 14C. Proper training and work procedures
can prevent ingertion. Full facemaak reapiratora
equipped with high efficiency filtera can prevent
inhalation of 14C if the carbon ia in a particulate
form, If the 14C were in the form of a gaaeoua
ccmpound then a eupplied air breathing apparatua such
as a bubble suit would be required.

me 1’$Caa received ia in the, form of carbon
black. Therefore, the principal personnel health
hazard will be from 14C in a very fine particulate
form, Consequently, anytime personnel work on 14C
contaminated components, the components must be in an
approved hood equipped with a HEPA filter, Figures 2
an.-! 3 show personnel wearing respirators, and working
sn the ion sources. Figure 4 ahowa work being per-
formed in the filtered hood.

Fig, 4 Work being performed in ● filtered
hood

The beta pmrticle emitted by 14C haa ● maximum
energy of 156 keV. This allovn eaay detection of
surface contamination by standard beta detectors.
Surface contamination on the outrnide of the ion source

can be removed by washing with common ao~venta.

The insiden of tne ion sourcen are the main ● re-a
of high ~evela of contamination, In the tandem ion

source mott of t.tw contamination ia found downstream
of the nputter target vith exception of the ● rean

immediately around the tip of the ceaium ionizer. The
vertical ion source, however, shows heavy contami-
nation over moat of its internal components. In the
case of the cesium ionizer and reservoir region the
contamination appeara to be implanted into the surface
of the metal, and therefore, is no: easily removed.

The low energy beam line of the tandem shows
detectable but very low levels of contamination. The
beamline Faraday cups, terminal atripper foils, and
experimental targets have not shown detectable 14C
contamination. The accelerator tube of the vertical
Van de Graaff, however, does show considerable con-
tamination.

111. BEAMPRODUCTIONEFFICIENCIES OF
SPUTTER SOURCETARCETS

Before 14c waa firat used in the tandem sputter
source identical aputter sou:”ce cones were tested with
13c Substituted for the 14c. ~e~e tests were very

successful showing go~d 13C beam production. Hovever,
vhen the 14C cones were actually used the reaultb
were leaa than anticipated,

An experiment wae designed to meaeure the relative
difference in yields. The tsndem sputter source was
used for the measurements. The on-axis reflection
geometry cone was used aa ahowo in the right of F.g,
1! Five cones were made.

The reference cone was made by machining a ‘pill’
of solid graphite and preaaing this into the sub-
strate. The other four tar ets were made exactly as

fthe method developed from 1’c cone production.~ The
cone ‘pill’ materials used vere:

1. 12C Carbon black (Lampblack)5
2, Elementa113C 6
3, 14C Carbon black 7

4. Ground graphite

These materials were mixed with the binder in the
●mount of 100 mg carbon to 30 mg binder. In addition,
an older 14C cone van alao included in the experiment,

The meaauremsnts were made on three daya scattered
throughout ● period of a ❑onth. After an ‘.nitial
short outgaasing period the output of the solid
graphite cone stayed relatively constant with respect
to cesium reservoir temperature and waa used as a
reference. For cones other than that of 12C the
●tomic beam outputa quoted refer to the output of the
isotopic beam plus the 12c contaminant beam, The 12C
contaminant varied from 26% to 40X depending on the
impurities. The binder contributes Jn 12C impurity of
16%. The meaauremcnts vere ❑ade by le~ting tho
reservoir temperature atabi~ize and then tuning the
beam from each cone for ● maximum, The extraction
voltage van left conntant, Adjustments were made in
cone pooi~ion, lens voltage and reflection v~ltage,
In practice, very little changes in the source p@ra-
metara were neceooary from cone to cone for ● gi~len
temperature,.. ‘t’he output currents were measured on the
low energy cup of the tandem ●fter being annlyzed by
the 30° inflection magnet, The distance from th~
tiputtnr source to the cup is 6m ●nd ia far from
o~timum in beam tranaport ●fficiency. H~nce, th~
uutputa quoted should only be conaider?d ●m relative,
Uncprtaintiea in the meaaured outputs cannot M easily
dciermined ain.e errors in the tuning of varioua
ao~)rce paran).ters are involved, In ●ddition the
temperature of th? cesium reservoir is not neceaaarily



a good indication of the amount of cesiurn beam in the
source. However, by using the output of the solid
graphite target at the reservoir temperature of 180°
the uncertainty in the reproducibility of the atomic
beam over the three daya ia z6%. It is hoped that
errors in tuning are small.

One of the major effects noted during the mea-
surement and previously observed during the 14C runs
is that the cones made from carbon black condition
with time in the source, i.e. their outputs 2row from
one running time to the next. This ia shown for the
12C carbon black cone in Fig. 5. The lines are to
guide the eye only. The reaulc is similar for the 14C
carbon black cone. l’hig doea not arpear to be cauaed
b outgasaing of the cone since measurements of the
110 be~ h,gve shown very small amounts present. The
improvement in beam output may be due to the presence
of the cesimn beam although just letting the cones
remain in the source appearb to have beneficial
effects.

The other main characteristic of the carbon black
cones ia also shown in Fig. 5. Thie is the charscter-
iatic decreaae in output ae the cesium current is
increased . This effect Continues until the cone hae
been in the source for a locw neriod of time. This ia
shown in Fig. 6 where the o~t~ut of the old 14C cone
behaves very similarly to that of the graphite coned,
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Fig, 5 Carbon black cone conditioning

Another interesting effect is that the 13C cone
hat! the highest output of any of th~ teaced cone- ● t!
nhown in Fig, 6. Since this cone vat made in identi-
cal faahion to the rest of the conen th~ relatively
large beam output must be cauced by the furm of th?
the 13C. Carbon black La made by burning hyd!’ocarbono
or wood, in th? caor of the 14C by burning ●cetylene.

The 13C produced by Mound Facility is made by con-

verting (W2 into carbon in the prel~nce of hydrogen by
using iron as a catalyat.a The iron-carbon mixtur~ ia
moparated in the pre~enc~ of ttCP.

‘NEW’ 14C

‘OLD’ “C

GRAPHITE

‘AMPBLA
o I I
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CESIUM RESERVOIR TEMPERATuRE

Fig. 6 Atomic beem output V,S, ceaium reservoir
temperature

The ratio of the total molecular yield (e.g. for a
14C cone--~2C2+ (iz~ * 14c) + l~c2) to the atomic
yield ie also of intereet since it iu possible that
$ome of the strength from the atomic beamo might be
tranafered to making molecular beams, Only the
diatomic beams were mea.yured. The ratio of total
caruon diatomic molecular bea~l output to total rtroon
●tomic beam output ia given in Table 1 for a reoervoir
temperature of 200°C. The chocen temperature is
arbitrary .eince the ratio changes very little with
the reservoir temperature and no trende are eaaily
neen,

Ratio of 13iatomic

(,o!le Material
Graphite
(:round Craphit@

Cnrbon rlack
13~

‘New’ 14P
told! 14c

TABLE 1

Beam to Atomic Bourn Output,

Rat. io
,52
.45
.27
.21
,30
,42

Unfortunatelvt the ration for the varioun nource
target materinla show no correlation to the atomic
beam outputo.



Safe handling of 14c materials and contaminated
,er, ts ia done similarly to those contaminated

., tritium. The greatest hazard in handing 14C is
in breathing the particles. Respirator with full
face maaks and high efficiency filters are used to
prevent inhalation. Contamination can be detected in
❑ any parts of the low energy beam handling ayatema and
in the vertical accelerator’a acceleration cube.

It’s desirable to une as little 14C as poasiblc to
prevent undue contamination and, therefore, reduce
safety hazards. The form of the elemental carbon used
in the source cone fabrication in very imporzant in
determining the amount of atomic bean output. The
form of carbon oupplied by Mound ?ucility for the l?.
target in far superior to anything else tented.
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